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osting by EAbstract Statement of the problem: The effect of long-term water immersion on the shear bond
strength between denture base resin and Triad visible-light-polymerized (VLP) direct hard reline
resin is not known.
Purpose: The aim of this study was to investigate the bonding characteristics of Triad VLP direct
hard reline resin to heat-polymerized denture base resin subjected to long-term water immersion.
Material and methods: Ninety circular disks, 15 mm in diameter and 3 mm thick, of denture base
resin were polymerized from a gypsum mold. Sixty specimens were subjected to water immersion
and 30 were stored at ambient room temperature for 4 months. Thirty water-immersed specimens
were dried with gauze (group 1), while the other 30 water-immersed specimens were dried with a
hair dryer (group 2). The dry specimens (n= 30) represented the control group (group 3). All spec-
imens were air abraded and painted with bonding agent before packing Triad VLP direct hard-
reline resin. Specimens in each group were subjected to thermal cycling for 50,000 cycles between
4 C and 60 C water baths with 1-min dwell time at each temperature. The bond strength at which
the bond failed under stress was recorded using a universal testing machine. One-way ANOVA and
Tukey post hoc comparison were applied to ﬁnd signiﬁcant differences between groups (a= 0.05).
Results: Signiﬁcant differences in mean shear bond strength among the specimens existed because
of variable water content in the denture base resin (P< 0.05). Group 3 (dry) was higher than group
2 (desiccated), and the lowest was group 1 (saturated).om
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24 M.Q. Al RifaiyConclusion: The shear bond strength of Triad VLP direct hard reline resin to denture base resin
depended on the water content in the denture base resin. The dry denture base resin demonstrated
superior bond strength compared with the desiccated and water-saturated denture base resins.
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The poor ﬁt of complete dentures, removable partial dentures,
and immediate complete dentures are improved by direct intra-
oral chairside relining with hard acrylic resins (Bunch et al.,
1987; Shifman, 1990). Several types of direct hard reline resins
are available including autopolymerized and visible-light-poly-
merized (VLP) materials (Arima et al., 1995; Murata et al.,
2007). However, failure in adhesion between hard direct reline
materials and denture base resins has been a common problem
(Arena et al., 1993; Takahashi and Chai, 2001). A weak bond
could harbor bacteria, promote staining, and compromise oral
hygiene or result in complete delamination of the reline material
(Arena etal., 1993; Chai et al., 1998; Takahashi andChai, 2001).
Conventional hard direct reline materials contain methyl
methacrylate (MMA) and polymethyl methacrylate. They have
some disadvantages, including unpleasant odor, irritation to
soft tissue caused by monomer, and heat generation during
polymerization. The unreacted monomer that gradually lea-
ches out of the hardened acrylic resin might cause a soft tissue
reaction (Giunta et al., 1979; Danilewicz-Stysiak, 1980). New
materials that include cross-linked autopolymerizing and
VLP resins have been introduced.
These hard direct reline resins have been reported to contain
a high percentage of cross-linked agents in liquids (Arima et al.,
1995) and have some clinical advantages over the conventional
non-cross-linked reline resins. These include less unpleasant
odor, diminished irritation to soft oral tissue, and reduced heat
generation during polymerization (Haywood et al., 2003).
When highly cross-linked, autopolymerizing, hard direct
reline resins are used, there is a risk that a relined denture can-
not be removed from the mouth if excess material should ﬂow
and polymerize in the undercuts of the abutment teeth. The use
of VLP hard reline resin avoids such problems because the
material ﬂowing into the undercuts remains soft and permits
removal of the denture. It is polymerized outside the mouth
using visible light (Ogle et al., 1986).
Advantages of VLP hard direct reline material includes ease
of manipulation, long working time (Polyzois et al., 1999),
good physical properties, and absence of free MMAmonomer;
therefore, there is no tissue irritation, it has diminished exo-
thermic irritation, and it is easy to trim and ﬁnish (Smith
and Powers, 1991).
Commercially available Triad VLP resins (Dentsply Inter-
national, York, PA, USA) are supplied in 2 forms: powder-li-
quid type and paste type. It is also available in premixed sheets
having a claylike consistency. Triad VLP resins are composed
of urethane dimethacrylate with two ﬁllers: microﬁne silica and
acrylic resin beads. Polymerization of the high-molecular-
weight resin monomers occurs by using camphorquinone and
amines as the photoinitiators in a light-curing unit (Curtis
et al., 1989; Polyzois et al., 1999; Smith and Powers, 1991).
Autopolymerizing and VLP hard direct reline resins contain
a higher percentage of crossed-linking agents in liquids. During
the reline procedure, the cross-linking monomer less effectivelypenetrates the surface of the denture base resin to form an inter-
penetrating polymer network (IPN) (Leles et al., 2001; Takah-
ashi et al., 2000). Therefore, the strength of its bond to the
denture base resin has been considered weaker than that of con-
ventional hard direct reline resins. To improve this bond
strength, primers supplied by the manufacturers are being
applied on the surface of the denture base (Arena et al., 1993;
Arima et al., 1995, 1996; Curtis et al., 1989; Leles et al., 2001;
Mutluay and Ruyter, 2005; Razavi et al., 1990).
Several investigators have studied the shear bond strengths
of the heat cure resin (HCR)-type of VLP resin and autopoly-
merizing reline resin (APR) containing MMA monomer to the
processed denture based resin. They concluded that the APR
to HCR resulted in higher bond strength than VLP to HCR
(Curtis et al., 1989; Mutluay and Ruyter, 2005; Ogle et al.,
1986; Takahashi and Chai, 2001). The authors attributed this
difference to the disparity in molecular weights. The non-
MMA resins’ molecular weight is nearly twice that of the
MMA monomer-based reline resins, which might allow the
MMA-based repair resin to more readily penetrate and diffuse
into the denture base resin.
Another factor that may affect the bonding of hard direct
reline resin to denture base resin is the water content of the den-
ture base resin (Minami et al., 2004; Takahashi et al., 2000). The
denture resin absorbs water during the polymerization process,
the ﬁnishing and polishing of the denture, and intraoral use
(Anusavice, 2003; Cal et al., 2000; Minami et al., 2004; Ristic
and Carr, 1987). Water absorption is a diffusion process where-
by the water molecules penetrate the polymer chain (Anusavice,
2003) and presumably slightly force apart the linear chains
(Ristic and Carr, 1987). It is theorized that this water decreases
the heat associated with polymerization and retards the rate of
polymerization, thereby enabling the monomer to further dif-
fuse into the denture base resin (Minami et al., 2004).
To simulate the effect of saliva during denture use, several
investigators (Arima et al., 1996; Takahashi et al., 1999) stored
the denture base resin specimens in water before the hard reline
acrylic resins were processed onto it and then tested the bond
strength. The duration of water immersion ranged from 50 h
(American National Standards, 1975; International Standards
Organization, 1988) to 4 months (Al Mulla et al., 1988; Takah-
ashi et al., 1999).
Minami et al. (2004) evaluated the inﬂuence of water
absorbed into the denture base on the shear bond strength of
highly cross-linked, non-MMA, autopolymerizing hard reline
resin to denture base resin. Their results showed that the shear
bond strength of resins was not signiﬁcantly affected by the
water content in the denture base resin. Several studies have re-
ported the characteristics of bond strength of VLP hard direct
reline resin to denture base resin (Curtis et al., 1989; Ogle et al.,
1986; Razavi et al., 1990). However, these studies did not eval-
uate the effect of absorbed water on the bond strength between
Triad VLP direct hard reline resin and denture base resin.
Published data on the bond strength of VLP direct hard re-
line resin to wet denture base resin are limited. The purpose of
Figure 1 The denture base disk.
Figure 2 Shear bond test was performed on the disk using a
universal testing machine.
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the denture base on the shear bond strength of VLP direct hard
reline resin (Triad) to the denture base resin. The null hypothesis
was that there is no difference in shear bond strength of VLP di-
rect reline resin to denture base resin after water immersion.
2. Materials and methods
Materials used in this study included a heat polymerized den-
ture base resin (Lucitone 199, Dentsply International, Inc.,
York, PA) and commercially available Triad VLP hard direct
reline material in the sheet form.
Uniform sectional gypsum molds were made by investing
metal disks, 15 mm in diameter and 3.3 mm thick, in a ﬂask
using type III dental plaster (Excaliber, Garreco, Inc., Heber
Springs, AR, USA). After the plaster had set, the ﬂasks were
opened and the disks were removed. Denture base resin Luci-
tone 199 was mixed in the ratio of 21 g powder and 10 mL li-
quid according to manufacturer’s instructions and packed into
the gypsum mold. A total of 90 denture base specimens were
heat-polymerized at 70 C for 90 min, followed by 30 min in
100 C water. The disks were retrieved from the mold after
12 h (Fig. 1) and ﬁnished to 3 mm in thickness using 600-grit
silicone carbide paper (Carbimet paper disk, Beuhler, Lake
Bluff, IL, USA) and running tap water.
Sixty disks were stored in 37 C distilled water for 4 months
before a reline material was processed onto it. The 4-month pro-
tocol was based on the results of an earlier study, which estab-
lished that 4 months is necessary for the denture base polymer
to reach completewater saturation (Takahashi et al., 2000). This
procedure was adopted to simulate the effect of saliva during
denture wear before relining to improve its ﬁt. The remaining
30 denture base disks were stored at ambient room temperature.
Thirty of the disks were removed from the water, dried with
clean gauze, and left in air for 30 s; these were designated as
saturated group 1.
The remaining 30 disks, after removal from the water, were
superﬁcially desiccated with a hair dryer blowing 100 C air for
30 s and were designated as desiccated group 2. The 30 disks
that were stored at ambient room temperature were designated
as dry group 3 and served as the control group. All bonding
surfaces of the disks were abraded with 50 lm aluminum oxide
particles under 0.5 MPa of pressure for 6 s.
Masking tape with a 5-mm-diameter hole was placed on the
test surface of the disks to provide a uniform bonding area. A
DuPont Teﬂon (Wilmington, DE, USA) tube with a 6-mm
internal diameter and 2.5-mm height was positioned on the
hole. The abraded surfaces of the disks were painted with
Triad bonding agent and were allowed to dry for 2 min as di-
rected by the manufacturer. The VLP relining material was
packed carefully to minimize incorporation of air into the
bonding surfaces, and the specimens were cured in the Triad
curing unit with a rotating platform as recommended by the
manufacturer. After the specimens were polymerized, the Tef-
lon tubes and the tapes were removed. Thirty specimens were
fabricated for each of the 3 groups.
All specimens were then subjected to thermal cycling for
50,000 cycles in 4–60 C water baths with a 1-min dwell time
at each temperature. A shear bond test was performed using
a universal testing machine (Model 850, Instron Corp., Nor-
wood, MA, USA) at a 1.0 mm/min crosshead speed (Fig. 2).
The mean bond strength of all groups was statisticallyanalyzed by 1-way analysis of variance (ANOVA) using SPSS
(version 11.0; SPSS Inc., Chicago, IL, USA). A Tukey post
hoc comparison at a signiﬁcance level of < 0.05 was applied
to ﬁnd signiﬁcant differences between the groups.
3. Results
The mean and standard deviation results of shear bond
strength for all groups are illustrated in Table 1. Group 3
(dry) showed the highest shear bond strength while group 1
(water saturated) showed the lowest.
One-way ANOVA indicated that there was a statistically
signiﬁcant difference between the groups (F= 2, 87; P<
0.0001), as shown in Table 2. Further analysis with Tukey’s
comparison procedure for multiple testing revealed that the
mean shear bond strength was signiﬁcantly different between
all the groups, as shown in Table 1.
4. Discussion
This study hypothesized that water present in the denture base
resin could inﬂuence the bond strength of Triad VLP direct hard
Table 1 Shear bond strength (MPa) between denture base
resin and Triad (VLC) resin.
Groups Minimum Maximum Range Mean and SD
Group I 8 14 6 10.90 ± 1.729a
Group II 11 21 10 16.50 ± 2.224b
Group III 19.92 21.14 1.22 20.53 ± 1.634c
Means with different small letters are signiﬁcantly different.
Table 2 One-way ANOVA for shear bond strengths (MPa)
among the groups.
Groups Sum of
squares
df Mean
square
F P-value
Between groups 1404.289 2 702.141 198.548 0.000
Within groups 307.667 87 3.536
Total 1711.956 89
Signiﬁcant at a< 0.05.
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hypothesis was rejected as the results demonstrated that the
bond strength and resistance to cyclic thermal stressing of Triad
VLP hard reline resin to water-saturated denture base resin was
inferior to the samples of denture base resin that were desiccated
or dry. Arima et al. (1996)mentioned that the surface of the den-
ture is usually contaminated with microorganisms, saliva, and
food material, all of which inﬂuence adhesion at the interface;
he therefore suggested that the contaminants at the surface layer
be removed mechanically before priming. This study used as a
means of surface treatment air abrasion with 50-l aluminum
oxide particles under a pressure of 0.5 MPa for 6 s (Takahashi
and Chai, 2001).
Takahashi and Chai (2001) studied the characteristics of
shear bond strength established between 4 denture base resins
and 4 hard reline resins including Triad VLP. The denture base
resin specimens had been stored in water for 1 day. The authors
reported that the bond strength using Triad VLP resin was
13.0 MPa. The mean bond strength in the present study for
the water-saturated specimens (group 1) was 10.90 MPa.
Although our ﬁndings could not be compared directly with
those of the previous study because our specimens were stored
in water for a much longer time (4 months), the results are in
general agreement.
In the present study, the mean shear bond strength of the
dry denture base resin and Triad VLP combination was
20.53 MPa. This ﬁnding compared closely with those reported
by Curtis et al. (1989), which was 22.5 MPa. The difference in
the mean values could be due to differences in prebonding sur-
face modiﬁcation.
Our highest ﬁnding (20.53 MPa) for mean shear bond
strength of Triad VLP hard reline resin was the with dry den-
ture base resin, the intermediate strength was with desiccated
denture base resin (16.50 MPa), and the least was with
water-saturated denture base resin (10.90 MPa). The reason
offered for the low bond strength of water-saturated denture
base resin is that the highly cross-linked Triad VLP hard reline
resin in the presence of water might interfere with the
monomer’s forming an IPN and thus compromise the bond(Mutluay and Ruyter, 2005; Takahashi et al., 2000). Therefore,
to achieve high bond strength, the denture must be dried
before relining. However, this procedure may result in irrevers-
ible warpage (Anusavice, 2003). An alternative clinical method
would be to desiccate the impression surface of the denture
with 100 C air from a hair dryer for 30 s.
According to a review of the literature, there is no general
agreement about an effective method to evaluate the bond
strength of hard reline material (Al Mulla et al., 1988). The
shear bond test was employed because it applies a shear load
directly to the reline-base junction (Curtis et al., 1989; Minami
et al., 2004; Takahashi and Chai, 2001; Takahashi et al., 2000).
The limitation of this study was that only one brand of den-
ture-base resin and one brand of VLP hard reline resin was
evaluated. Further investigation of the bonding characteristics
of various brands of VLP hard reline resins to different brands
of denture base resins is needed.
5. Conclusions
Under the conditions of the present study, it can be concluded
that the shear bond strength after cyclic thermal stressing be-
tween a denture-base resin and Triad VLP hard reline resin
was negatively inﬂuenced by the water content of the denture
base resin. The dry condition of the denture base resin demon-
strated superior bond strength compared with the desiccated
and the water-saturated denture base resins.References
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